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Abstract 

Background: Immunoglobulin-like transcript 4 (ILT4) is an inhibitory molecule involved in immune response and 
has recently been identified to be strongly inducible by IL-10. The aim of the present study was to examine the 
associations of ILT4 expression with clinicopathological characteristics and IL-10 expression in primary ductal and 
lobular breast cancer. 

Methods: We studied the expression of ILT4 in 4 cancer cell lines, 1 17 primary tumor tissues and 97 metastatic 
lymph nodes from patients with primary ductal and lobular breast cancer by reverse transcription-polymerase chain 
reaction, western blot or immunohistochemistry analysis. Additionally, IL-10 expression was also investigated using 
immunohistochemistry in primary tumor tissues. Then the relationship between ILT4 expression and clinicopathological 
characteristics/IL-10 expression was evaluated. 

Results: ILT4 was highly expressed in all 4 human breast cancer cell lines on both mRNA and protein levels. In primary 
tumor tissues, ILT4 or IL-10 was expressed in the cell membrane, cytoplasm, or both; the positive rate of ILT4 and IL-10 
expression was 60.7% (71/1 17) and 80.34% (94/1 17), respectively. ILT4 level was significantly correlated with IL-10 
(r =0.577; p < 0.01). Furthermore, the expression of ILT4 or IL-10 was associated with less number of Tumor Infiltrating 
Lymphocytes (TILs) (p = 0.004 and 0.018, respectively) and more lymph node metastasis (p = 0.046 and 0.035, 
respectively). 

Conclusion: Our data demonstrated the association of ILT4 and IL-10 expression in human breast cancer, suggesting 
their important roles in immune dysfunction and lymph node metastases. 

Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/vs/ 
1692652692107916 
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Background 

Breast cancer is one of the most common female malig- 
nancies in many countries [1]. Multidisciplinary ap- 
proaches, including surgery, conventional chemotherapy, 
radiotherapy, endocrine therapy, bisphosphonates, and 
HER-2/neu directed therapy, have been used widely for 
the patients' treatment; however, a large number of pa- 
tients responds poorly to these approaches. It is import- 
ant to expand repertoire of new molecular markers for 
further therapeutic strategies. 

Effective immune response involving T-cell activation 
defenses normal cells against pathogens through produ- 
cing cytokines or cytotoxicity. However, immune response 
to tumor cells is usually inadequate or inactivated, which 
is one of the most common reasons caused tumor growth, 
invasion and metastasis [2,3]. Co-stimulatory molecules 
expressed by antigen presenting cells or tumor cells play a 
large role in T-cell activation: stimulatory molecules acti- 
vated T-cell response, and inhibitory molecules suppressed 
it. When lacking stimulatory molecules (CD80 and CD86) 
expression or over-expressing inhibitory molecules (B7- 
Hl, B7-H3 and B7-H4) in tumor cells, T-cell is induced to 
be tolerant or anergic [4,5], which is considered to be 
associated with immune response escape during cancer 
development [6-9]. Therefore, studies of co-stimulatory 
molecules in tumors are not only critical for understand- 
ing mechanisms involving in tumor associated immune 
response, but also helpful for finding new targets of tumor 
therapy. 

Immunoglobulin-like transcripts (ILTs; also referred to 
as leukocyte immunoglobulin-like receptors) represent a 
novel immunoglobulin superfamily of both inhibitory and 
stimulatory receptors involved in immune surveillance 
[10-12], and are closely related to the killer-cell inhibitory 
receptor family mapping to the leukocyte receptor com- 
plex [13-15]. ILT4, expressed by monocytes, dendritic cells 
(DCs) and endothelial cells (ECs), has a long cytoplasmic 
tail containing immunoreceptor tyrosine-based inhibitory 
motifs which mediates inhibition of cell activation by 
recruiting tyrosine phosphatase SHP-1 [12,16]. Upregula- 
tion of ILT4 on professional and non-professional antigen- 
presenting cells (APCs) can induce CD4+ T-helper cells 
anergy; decrease stimulatory molecules expression in T 
cells [17-19]; and elicit the differentiation of Ag-specific 
CD4+ and CD8 + Treg cells [20]. In general, the biological 
function of ILT4 is considered to inhibit the immune 
response. 

The expression of ILTs in cancer cells and their import- 
ant role in tumor progression become more and more at- 
tractive these days. ILT4 is found to be expressed in 
NSCLC cells [21] with less number of Tumor Infiltrating 
Lymphocytes (TILs) infiltrated; and the expression of ILT3 
or ILT4 in neoplastic B cells is associated with lymphoid 
tissue involvement in chronic lymphocytic leukemia [22]. 



However, little is known about the expression and func- 
tion of ILT4 in other human carcinomas, such as, breast 
cancers. 

IL-10, a pleiotropic cytokine, primarily produced by 
Th2 cells and Treg cells, has been reported to induce 
ILT4 upregulation in monocytes and DCs, rendering 
them tolerogenic [23,24]. Furthermore, in human endo- 
thelial cells (ECs), IL-10 also up regulates ILT3/ILT4 ex- 
pression; and suppresses T-cell co-stimulatory potential 
of human ECs [25]. However, there is no study to deter- 
minate the relationship between ILT4 and IL-10 expres- 
sion in tumor tissues and assay their role in tumor 
progression. We here aimed to evaluate the immunohis- 
tochemistry expression of ILT4 and IL-10 in a series of 
invasive ductal and lobular breast carcinomas; analyze 
the association between ILT4 and IL-10 expression; and 
discuss their role in breast cancer development through 
assaying the relationship between ILT4/IL-10 expression 
and prognostic factors. We hope our findings may be 
the preliminary experiment for further study on IL-10 
and ILT4 function in human breast cancer. 

Materials and methods 

Patient samples 

Primary breast cancer specimens were obtained from 
117 patients without any preoperative therapy who 
underwent surgery at Jinan Central Hospital Affiliated to 
Shandong University, China, between Dec 1st, 2008 and 
Dec 30th, 2010. All patients signed the informed consent 
for use of specimens, and the study was approved by the 
Institutional Review Board (Medical Ethics Committee 
of Jinan Central Hospital). The median age of patients 
was 51 years (range, 21-77 years) at the time of diagno- 
sis. These specimens were 97 invasive ductal carcinomas 
and 20 lobular carcinomas. Cases with mixed patterns of 
histologic differentiation were excluded from the ana- 
lysis. The study also included 97 tumor metastatic lymph 
nodes from a subset of 12 patients who were from the 
study group. The tumors were classified as pathologic 
stage I (33 cases), stage II (52 cases), and stage III (32 
cases) using American Joint Committee criterions. 

Cell lines 

Human breast cancer cell lines MDA-MB-453, MCF-7, 
SK-BR-3 and MDA-MB-231 were used in cell experi- 
ments. SK-BR-3 and MDA-MB-231 cells were purchased 
from Cell Resource Center, the Institute of Basic Medical 
Sciences Chinese Academy of Medical Sciences (Beijing, 
China). MDA-MB-453 and MCF-7 were conserved in our 
laboratory. These cell lines were cultured at 37°C in a hu- 
midified atmosphere of 5% C02 in Roswell Park Memorial 
Institute (RPMI) 1640 medium (Invitrogen, California, 
USA) supplemented with 10% fetal bovine serum (Invitro- 
gen, California, USA). 
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Reverse transcription-polymerase chain reaction (RT-PCR) 

Cancer cells were harvested and lysed in total RNA isola- 
tion Reagent (RNAiso plus, TaKaRa Biotech, Dalian, 
China). First-strand cDNAs were prepared with random 
primers following the instructions of the kit (RNA PCR 
KIT (AMV) v3.0, TaKaRa Biotech, Dalian, China). RT-PCR 
involved the primers for human ILT4 S'GGAGCCTACC 
CAAAACCC (forward), 5' GTGCGACCACCTGCGATT 
(reverse) with use of hot-start Taqgold enzyme (Roche 
Diagnostic GmbH, Penzberg, Germany). Expression was 
normalized by p-actin with primers 5' GGGACCTGACT 
GACTACCTC (forward), 5' TCATACTCCTGCTTGCT 
GAT (reverse). Cycle conditions were: 94°C, 2 min; 
42 cycles for 94°C, 30s; 62°C, 30s; and 72°C, 30s. 

Western blot analysis 

Total proteins were extracted from breast cancer cell 
lines (MDA-MB-453, MDA-MB-231, MCF-7 and SK-BR- 
3) using RIPA Lysis Buffer (Beyotime, Jiangsu, China) and 
separated by SDS-PAGE (10%) (Beyotime, Jiangsu, China). 
These proteins were transferred to 0.45 \im polyvinylidene 
difluoride membrane (Millipore, Massachusetts, USA) 
by Bio-Rad transference chamber (Bio-Rad Laboratories, 
California, USA). Primary antibody to ILT4 (R & D, 
Minneapolis, USA; dilution 1:500) was used to detect the 
protein expression. The membrane was incubated with 
appropriate secondary antibodies labeled to horseradish 
peroxidase (Santa cruz, California, USA; dilution 1:5000). 
The protein levels were normalized by reprobing the blots 
with antibody to p-actin (Santa cruz, California, USA; di- 
lution 1:1000). The signals were detected by the ECL Plus 
Western Detection Kit (Beyotime, Jiangsu, China) and re- 
corded on the Kodak X-ray films. The protein expression 
was determined utilizing the BandScan 5.0 software. 

Immunohistochemistry 

Immunohistochemical staining was performed as described 
in our previous studies [9,21]. Briefly, anti-ILT4 mouse 
monoclonal antibody (R & D, Minneapolis, USA; dilution 
1:400), anti-IL-10 mouse monoclonal antibody (Abeam, 
Massachusetts, USA; dilution 1:100) and anti-CD45RO 
mouse monoclonal antibody (Abeam, Massachusetts, USA; 
dilution 1:100) were used as the primary antibodies. Nor- 
mal mouse IgG was provided as negative control. 

Assessment of Immunohistochemical staining 

Immunohistochemical analysis was performed by two 
independent investigators simultaneously. The percent- 
age of stained cells was recorded at x400 magnification, 
in at least 5 random fields. ILT4 and IL-10 expression 
were evaluated based on the percentage of positive- 
staining tumor cells [21]. More than 10% of ILT4 brown 
staining cells was considered as positive while negative 
(expression <10%). IL-10 expression was divided into 



high and low group with focal staining intensity more or 
less than 40%. For studying the relationships between 
ILT4 and TILs, we counted the number of CD45RO + 
cells per 1000 total nuclei as described previously [26]. 

Information on ER, PR, and HER-2/neu status was ob- 
tained from the original surgical pathological reports. ER 
and PR positive staining was defined as staining of >10% 
of cells. HER-2/neu positivity was defined as 3+ on 
staining (>30% positive staining of invasive cancer cells) 
or was determined by fluorescence in situ hybridization 
(Vysis, Downers Grove, USA) at Quest Diagnostics. 

Statistical analysis 

The association of ILT4 or IL-10 expression and clinico- 
pathological variables was analyzed by Chi-square test. 
The correlation between TILs cell number and ILT4/IL- 
10 expression was compared by Students t test. With 
Spearman correlation coefficient, the relationship of ex- 
pression between ILT4 and IL-10 was evaluated, p < 0.05 
was considered to be statistically significant. Statistical 
analysis was performed using SPSS vl5.0 (SPSS Inc., 
Chicago, USA). 

Results 

ILT4 expression in human breast cancer cell lines 

ILT4 expression in all of the 4 human breast cancer cell 
lines was found at both mRNA and protein levels by RT- 
PCR (Figure 1A) and Western blot analysis (Figure IB), 
respectively. 

ILT4 and IL-10 expression in human breast cancer tissues 

The expression of ILT4 and IL-10 in 117 primary tumor 
specimens was determined by immunohistochemistry. 
Both ILT4 and IL-10 positive expression were identified in 
tumor cell cytoplasm, membrane, or both (Figure 2A-B). 
In normal breast tissues, their expression was absent 
(Figure 2C-D). Of 117 specimens, the positive rate of 
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Figure 1 ILT4 expression in human breast cancer cell lines. 

A: ILT4 mRNA expression was assayed by RT-PCR in breast cancer 
cell lines. A representative result from 3 independent experiments 
was shown. B: ILT4 protein expression was determined by Western 
blot analysis. A representative result from 3 independent 
experiments was shown. (3-actin was used as the control. 
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Figure 2 Immunohistochemical analysis of ILT4 and IL-10 expression in sections from primary breast cancer (200x). A: ILT4 positive 
expression in invasive ductal breast cancer. B: IL-10 positive expression in invasive ductal breast cancer. C: ILT4 expression was absent in adjacent 
normal breast tissues. D: IL-10 expression in adjacent normal breast tissues was also negative. E: ILT4 positive tumor cells in metastatic 
lymph nodes. 



ILT4 or IL-10 expression was 60.7% (71/117) and 8034% 
(94/117), respectively. Expression of ILT4 was also seen in 
some stromal macrophages, fibroblasts and plasma cells, 
and expression of IL-10 was also observed in infiltrating 
lymphocytes in accordance with previous studies [21,27] 
(Data was not shown). Furthermore, the expression of 
ILT4 and IL-10 showed a significant correlation (r = 0.577, 
p < 0.01; Figure 3A). 

ILT4 expression in lymph node metastasis 

In metastatic lymph nodes, the positive rate of ILT4 ex- 
pression was 74.2% (72/97) which derived from 12 pa- 
tients (Figure 2E); and the staining intensity which 
indicated the expression level was always identical 
among individual lymph nodes from the same patient. 
Furthermore, the localization and expression level of 



ILT4 in tumor cells was similar between primary tu- 
mors and corresponding nodal metastasis. Within ILT4- 
negative tumor metastatic lymph nodes (n = 25), almost 
all corresponding primary tumors showed negative ILT4 
expression except one with 10%-40% ILT4 expression rate 
in primary tumor. 

Correlation of ILT4/IL-10 expression with the number of 
TILs 

We next assessed the relationship between the expres- 
sion of ILT4 or IL-10 and the number of TILs in all 
tumor specimens. Compared to ILT4 or IL-10 negative 
expression tissues, the amount of TILs seemed to be less 
in ILT4 or IL-10 positive tissues. The mean number of 
TILs in ILT4-positive group was 26.71 ±11.85 and was 
significantly lower than that in the ILT4-negative group, 
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■ ILT4-positive group ■ ILT4-negative group ■ IL-10-positive group ■ IL-10-negative group 

Figure 3 Association between ILT4, IL-10 expression and number of TILs in breast cancer tissues. A: Correlation between ILT4 and IL-10 
expression in breast cancer (r = 0.577, p < 0.01 ). B: The number of CD45RO + TILs was significantly less in ILT4 positive breast cancer tissues than 
that of negative group (26.71 ± 1 1.85 and 33.58 ± 13.73, respectively; p = 0.004). C: The number of CD45RO + TILs also decreased in IL-10 positive 
breast cancer tissues compared to negative group (27.65 ± 12.91 and 34.80+ 14.49, respectively; p = 0.01 8). 



33.58 ±13.73 (p = 0.004; Figure 3B). In addition, the 
mean TILs number in IL-10-positive group was 27.65 ± 
12.91, whereas 34.80 ± 14.49 TILs in IL-10-negative 
group (p = 0.018; Figure 3C). 

Relationship of ILT4/IL-10 expression with clinical 
characteristics of breast cancer 

As shown in Table 1, expression level of ILT4 or IL-10 
was much higher in cases with lymph node metastasis 
(p = 0.046 and 0.035, respectively). Patients with high ex- 
pression level of IL-10 were more likely to have ad- 
vanced disease (stage II-III; p = 0.039) compared to those 



with IL-10 low expressed. However, no significant cor- 
relation was identified between ILT4 expression and 
tumor stage. Both of ILT4 and IL-10 expressions have 
no relation with other clinicopathological factors (age, 
histologic types, grade, tumor size, stages, or receptor 
status). 

Discussion 

Cancer is a heterogeneous disease consisting of multiple 
subgroups with different molecular signatures and clin- 
ical behaviors [28,29]. The heterogeneity of breast cancer 
includes differences in ethnicity, menopausal status, ER/ 
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Table 1 Correlation of ILT4/IL-10 expression with clinicopathologic factors of breast cancer 



Clinicopathologic 
factors 



ILT4 expression 



Positive 



Negative 



p value 



IL-10 expression 



High 



Low 



p value 



Age 

<50 

>50 

Histologic Types 

ductal cancer 
lobular cancer 
Grade 

I- ll 
III 

Tumor size 

<2 cm 
>2 cm 

Lymph node metastasis 

NO 
N1-3 
TNM stage 

I 

II- lll 

ER 

positive 
negative 

PR 

positive 
negative 
HER2 

positive 
negative 



63 
54 

97 
20 

22 
95 

50 
67 

43 
74 

33 
84 

82 
35 

78 
39 

30 
87 



40 
31 

60 
11 

10 
61 

27 
44 

21 
50 

16 

55 

50 
21 

47 
24 

17 
54 



23 
23 

37 
9 

12 
34 

23 
23 

22 
24 

17 
29 

32 
14 

31 
15 

13 

33 



0.502 



0.568 



0.105 



0.201 



0.046 



0.09 



0.921 



0.894 



0.601 



34 
28 

53 



10 

52 

21 
41 

17 
45 

12 
50 

40 
22 

38 
24 

11 
51 



29 
26 

44 
11 

12 

43 

29 
26 

26 
29 

21 

34 

42 
13 

40 
15 

19 

36 



0.854 



0.432 



0.483 



0.061 



0.035 



0.039 



0.225 



0.239 



0.055 



Note: "Bolded values" refer to the statistically significant data. 



PR status, HER-2/neu expression, and other molecular 
signatures [30,31]. Finding the sources of breast cancer 
heterogeneity would contribute to subtype specific the- 
rapeutic approaches. ILT4, belonging to the family of 
immunoglobulin-like inhibitory receptors, plays important 
roles in modulating the allo-specific antigen immune re- 
sponse to transplants [32]; inducing immune tolerance in 
pregnancy [33]; and inhibiting myeloid dendritic cell func- 
tion in HIV-1 infection [34]. And IL-10 is found to regu- 
late the expression of ILT4 in monocytes, DCs and human 
ECs [24,25]. Besides, emerging evidences suggest that the 
aberrant expression of ILT4 is involved in tumor progres- 
sion and lymph node metastasis [21,22]. However, the ex- 
pression and function of ILT4 in breast cancer and the 
relationship between ILT4 and IL-10 expression in cancer 
cells are poorly understood. 



In our present study, ILT4 was found to be highly 
expressed in human breast cancer cell lines, primary tis- 
sue specimens and metastatic lymph nodes, while no 
ILT4 expression was detected in normal breast tissues. It 
was also expressed in a few macrophages, fibroblasts 
and plasma cells in breast cancer tissues, which was con- 
sistent with the expression pattern in NSCLC tissues 
[21]. In addition, expression of ILT4 was significantly 
correlated with lymph node metastasis in clinical breast 
cancer samples. Previous reports have shown that ILT4 
plays an essential role in inducing T-cell anergy, and is 
necessary for eliciting the differentiation of Ag-specific 
CD4+ and CD8 + Treg cells [12,17,23]. Furthermore, 
some studies also revealed that ILT4 was frequently 
expressed in NSCLC and malignant B cells [21,22], sug- 
gesting its important role in tumor cells. Consistent with 
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these findings, our result also showed a large part 
of breast cancer tissues overexpressing ILT4. ILT4 
expressed in tumor cells may act as an inhibitory 
molecule to suppress the T-cell activity, induce T help 
cells anergy, or inhibit the differentionation of cytotoxic 
T cells in microenvironment It might assist tumor cells 
in escaping from immune surveillance and facilitate the 
invasion of tumor cells in lymph nodes. Further studies 
on detailed mechanisms underlying ILT4 role in human 
breast cancer warrant further investigation. 

Our study further demonstrated that ILT4 overexpres- 
sion in breast cancer was associated with the overexpres- 
sion of IL-10. IL-10, a cytokine synthesis inhibitory factor, 
inhibits T cell or macrophage cytokine synthesis and sup- 
presses their antigen-presenting capacity [35-37]; and was 
reported to stimulate ILT4 expression through enhancing 
its promoter activity in human monocytic leukemic cell 
line THP-1 [24]. IL-10 overexpression in breast cancer 
confers tumor growth and aggressiveness [38], and is con- 
sidered as a prognostic indicator for breast cancer [39] . In 
this study, we found IL-10 expression was not only associ- 
ated with advanced stage and lymph node metastasis in 
human primary breast cancer tissues, but also significantly 
correlated with ILT4 expression (r = 0.577; p < 0.01). Inter- 
estingly, the number of CD45RO + TILs in ILT4 or IL-10 
positive cancer tissues was less than that of negative 
groups. CD4 + CD45RO + CD25 + T-cells have been re- 
ported to be anergized when IL-10 induces ILT3 and ILT4 
upregulation in DCs [23]. We postulated that IL-10 may 
at least partially regulate the expression of ILT4 in human 
breast cancer cells; the expression of ILT4 and IL-10 might 
promote tumor growth and progression by inhibiting the 
proliferation of CD45RO + TILs and inducing the apop- 
tosis of CD45RO + TILs in the tumor environment. ILT4 
and IL-10 may be cooperatively used as predictors of clin- 
ical outcomes in breast cancer patients. 

In summary, ILT4 was found to be highly expressed in 
primary human ductal and lobular breast cancer cells, and 
its expression was significantly correlated with more IL-10 
expression, less TILs amount and further lymph node me- 
tastasis. Based on previous work and our findings presented 
here, ILT4 expression in breast cancer may be regulated by 
IL-10 and promote lymph node metastasis by inducing 
TILs apoptosis and suppressing T-cell response. However, 
whether IL-10 upregulated ILT-4 expression through en- 
hancing its promoter activity, and what underlying 
mechanism of ILT4 and IL-10 act in breast cancer warrant 
further exploration. Nevertheless, this is the first time to de- 
scribe the expression of ILT4 and IL-10 in solid tumor cells 
and analyze the correlation between them. ILT4 may pro- 
vide a promising target for breast cancer targeted therapy. 

Competing interests 

The authors declare that they have no competing interests. 



Authors' contributions 

All authors read and approved the final manuscript. JL and LW designed the 
study, analyzed the data and drafted the manuscript. WG and LL assisted with 
the design of the study and collected clinical data. XC, HY, and WL carried out 
the immunohistochemistry and collected clinical data. QD and NZ performed 
RT-PCR and Western blot analysis, and involved in pathological diagnosis. 
YS conceived and designed the study, analyzed the data and edited the 
manuscript. 

Acknowledgements 

This research work was supported by a grant from Department of Science 
and Technology of Shandong Province (Grant no. 2009-13). 

Author details 

department of Oncology, Jinan Central Hospital, Shandong University, 
No.105, Jie Fang Road, Jinan, Shandong 250013, PR, China, department of 
Pediatric Oncology, Jinan Central Hospital, Shandong University, No.105, Jie 
Fang Road, Jinan, Shandong 250013, PR, China. 

Received: 1 1 September 2013 Accepted: 29 March 2014 
Published: 24 April 2014 

References 

1. Siegel R, Naishadham D, Jemal A: Cancer statistics, 2013. CA Cancer J Clin 
2013, 63:11-30. 

2. Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell 
2011, 144:646-674. 

3. Cavallo F, De Giovanni C, Nanni P, Forni G, Lollini PL: 2011: the immune 
hallmarks of cancer. Cancer Immunol Immunother 201 1, 60:319-326. 

4. Denfeld RW, Dietrich A, Wuttig C, Tanczos E, Weiss JM, Vanscheidt W, 
Schopf E, Simon JC: In situ expression of B7 and CD28 receptor families 
in human malignant melanoma: relevance for T-cell-mediated 
anti-tumor immunity. Int J Cancer 1995, 62:259-265. 

5. Wroblewski JM, Bixby DL, Borowski C, Yannelli JR: Characterization of 
human non-small cell lung cancer (NSCLC) cell lines for expression of 
MHC, co-stimulatory molecules and tumor-associated antigens. 

Lung Cancer 2001 , 33:1 81 -1 94. 

6. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, Roche PC, Lu 
J, Zhu G, Tamada K, Lennon VA, Celis E, Chen L: Tumor-associated B7-H1 
promotes T-cell apoptosis: a potential mechanism of immune evasion. 
Nat Med 2002, 8:793-800. 

7. Leibson PJ: The regulation of lymphocyte activation by inhibitory 
receptors. Curr Opin Immunol 2004, 16:328-336. 

8. Ohigashi Y, Sho M, Yamada Y, Tsurui Y, Hamada K, Ikeda N, Mizuno T, Yoriki 
R, Kashizuka H, Yane K, Tsushima F, Otsuki N, Yagita H, Azuma M, Nakajima 
Y: Clinical significance of programmed death-1 ligand-1 and 
programmed death-1 ligand-2 expression in human esophageal cancer. 
Clin Cancer Res 2005, 1 1:2947-2953. 

9. Sun Y, Wang Y, Zhao J, Gu M, Giscombe R, Lefvert AK, Wang X: B7-H3 and 
B7-H4 expression in non-small-cell lung cancer. Lung Cancer 2006, 
53:143-151. 

10. Colonna M, Nakajima H, Navarro F, Lopez-Botet M: A novel family of Ig-like 
receptors for HLA class I molecules that modulate function of lymphoid 
and myeloid cells. J Leukoc Biol 1999, 66:375-381. 

11. McQueen KL, Parham P: Variable receptors controlling activation and 
inhibition of NK cells. Curr Opin Immunol 2002, 14:615-621. 

12. Colonna M, Nakajima H, Cella M: A family of inhibitory and activating 
Ig-like receptors that modulate function of lymphoid and myeloid cells. 
Semin Immunol 2000, 12:121-127. 

13. Barten R, Torkar M, Haude A, Trowsdale J, Wilson MJ: Divergent and 
convergent evolution of NK-cell receptors. Trends Immunol 2001, 
22:52-57. 

14. Trowsdale J, Barten R, Haude A, Stewart CA, Beck S, Wilson MJ: The 
genomic context of natural killer receptor extended gene families. 
Immunol Rev 2001, 181:20-38. 

15. Vilches C, Parham P: KIR: diverse, rapidly evolving receptors of innate and 
adaptive immunity. Annu Rev Immunol 2002, 20:217-251. 

16. Cella M, Dohring C, Samaridis J, Dessing M, Brockhaus M, Lanzavecchia A, 
Colonna M: A novel inhibitory receptor (ILT3) expressed on monocytes, 
macrophages, and dendritic cells involved in antigen processing. J Exp 
Med 1997, 185:1743-1751. 



Liu et al. Diagnostic Pathology 2014, 9:85 
http://www.diagnosticpathology.org/content/971/85 



Page 8 of 8 



17. Chang CC, Ciubotariu R, Manavalan JS, Yuan J, Colovai Al, Piazza F, 
Lederman S, Colonna M, Cortesini R, Dalla-Favera R, Suciu-Foca N: 
Tolerization of dendritic cells by T (S) cells: the crucial role of inhibitory 
receptors ILT3 and ILT4. Nat Immunol 2002, 3:237-243. 

18. Kim-Schulze S, Seki T, Vlad G, Scotto L, Fan J, Colombo PC, Liu J, Cortesini R, 
Suciu-Foca N: Regulation of ILT3 gene expression by processing of 
precursor transcripts in human endothelial cells. Am J Transplant 2006, 
6:76-82. 

19. Manavalan JS, Kim-Schulze S, Scotto L, Naiyer AJ, Vlad G, Colombo PC, 
Marboe C, Mancini D, Cortesini R, Suciu-Foca N: Alloantigen specific CD8 + 
CD28- F0XP3+ T suppressor cells induce ILT3+ ILT4+ tolerogenic 
endothelial cells, inhibiting alloreactivity. Int Immunol 2004, 16:1055-1068. 

20. Suciu-Foca N, Manavalan JS, Cortesini R: Generation and function of 
antigen-specific suppressor and regulatory T cells. Transpl Immunol 2003, 
11:235-244. 

21. Sun Y, Liu J, Gao P, Wang Y, Liu C: Expression of Ig-like transcript 4 
inhibitory receptor in human non-small cell lung cancer. Chest 2008, 

134:783-788. 

22. Colovai Al, Tsao L, Wang S, Lin H, Wang C, Seki T, Fisher JG, Menes M, 
Bhagat G, Alobeid B, Suciu-Foca N: Expression of inhibitory receptor ILT3 
on neoplastic B cells is associated with lymphoid tissue involvement in 
chronic lymphocytic leukemia. Cytometry B Clin Cytom 2007, 72:354-362. 

23. Manavalan JS, Rossi PC, Vlad G, Piazza F, Yarilina A, Cortesini R, Mancini D, 
Suciu-Foca N: High expression of ILT3 and ILT4 is a general feature of 
tolerogenic dendritic cells. Transpl Immunol 2003, 11:245-258. 

24. Xu X, Zou P, Chen L, Jin G, Zhou H: IL-10 enhances promoter activity of 
ILT4 gene and up-regulates its expression in THP-1 cells. J Huazhong Univ 
Sci Technolog Med Sci 2010, 30:594-598. 

25. Gleissner CA, Zastrow A, Klingenberg R, Kluger MS, Konstandin M, Celik S, 
Haemmerling S, Shankar V, Giese T, Katus HA, DenglerTJ: IL-10 inhibits 
endothelium-dependent T cell costimulation by up-regulation of ILT3/4 
in human vascular endothelial cells. Eur J Immunol 2007, 37:177-192. 

26. Ravetch JV, Lanier LL: Immune inhibitory receptors. Science 2000, 290:84-89. 

27. Itakura E, Huang RR, Wen DR, Paul E, Wunsch PH, Cochran AJ: IL-10 
expression by primary tumor cells correlates with melanoma 
progression from radial to vertical growth phase and development of 
metastatic competence. Mod Pathol 201 1, 24:801-809. 

28. Nodin B, Zendehrokh N, Sundstrom M, Jirstrom K: Clinicopathological 
correlates and prognostic significance of KRAS mutation status in a 
pooled prospective cohort of epithelial ovarian cancer. Diagn Pathol 
2013, 8:106. 

29. Schilling B, Bielefeld N, Sucker A, Hillen U, Zimmer L, Schadendorf D, 
Zeschnigk M, Griewank KG: Lack of SF3B1 R625 mutations in cutaneous 
melanoma. Diagn Pathol 2013, 8:87. 

30. Cheng H, Qin Y, Fan H, Su P, Zhang X, Zhang H, Zhou G: Overexpression 
of CARM1 in breast cancer is correlated with poorly characterized 
clinicopathologic parameters and molecular subtypes. Diagn Pathol 2013, 
8:129. 

31. Guo L, Meng J, Yilamu D, Jakulin A, Fu M, Wang B, Abulajiang G: 
Significance of ERbeta expression in different molecular subtypes of 
breast cancer. Diagn Pathol 2014, 9:20. 

32. Liu J, Liu Z, Witkowski P, Vlad G, Manavalan JS, Scotto L, Kim-Schulze S, 
Cortesini R, Hardy MA, Suciu-Foca N: Rat CD8+ FOXP3+ T suppressor cells 
mediate tolerance to allogeneic heart transplants, inducing PIR-B in APC 
and rendering the graft invulnerable to rejection. Transpl Immunol 2004, 
13:239-247. 

33. Amodio G, Mugione A, Sanchez AM, Vigano P, Candiani M, Somigliana E, 
Roncarolo MG, Panina-Bordignon P, Gregori S: HLA-G expressing DC-10 
and CD4 (+) T cells accumulate in human decidua during pregnancy. 
Hum Immunol 201 3, 74:406-41 1 . 

34. Huang J, Burke P, Yang Y, Seiss K, Beamon J, Cung T, Toth I, Pereyra F, 
Lichterfeld M, Yu XG: Soluble HLA-G inhibits myeloid dendritic cell 
function in HIV-1 infection by interacting with leukocyte 
immunoglobulin-like receptor B2. J Virol 2010, 84:10784-10791. 

35. Bogdan C, Vodovotz Y, Nathan C: Macrophage deactivation by interleukin 
W.J Exp Med 1991, 174:1549-1555. 

36. Hashimoto SI, Komuro I, Yamada M, Akagawa KS: IL-10 inhibits 
granulocyte-macrophage colony-stimulating factor-dependent human 
monocyte survival at the early stage of the culture and inhibits the 
generation of macrophages. J Immunol 2001, 167:3619-3625. 



37. 



38. 



39. 



Moore KW, O'Garra A, de Waal Malefyt R, Vieira P, Mosmann TR: 
lnterleukin-1 0. Annu Rev Immunol 1 993, 11:1 65—1 90. 
Llanes-Fernandez L, Alvarez-Goyanes Rl, Arango-Prado Mdel C, Alcocer- 
Gonzalez JM, Mojarrieta JC, Perez XE, Lopez MO, Odio SF, Camacho-Rodriguez 
R, Guerra-Yi ME, Madrid-Marina V, Tamez-Guerra R, Rodriguez-Padilla C: 
Relationship between IL-10 and tumor markers in breast cancer patients. 
Breast 2006, 1 5:482-489. 

Chavey C, Bibeau F, Gourgou-Bourgade S, Burlinchon S, Boissiere F, Laune 
D, Roques S, Lazennec G: Oestrogen receptor negative breast cancers 
exhibit high cytokine content. Breast Cancer Res 2007, 9:R15. 



doi:1 0.1 186/1 746-1 596-9-85 

Cite this article as: Liu et al:. Inhibitory receptor immunoglobulin-like 
transcript 4 was highly expressed in primary ductal and lobular breast 
cancer and significantly correlated with IL-10. Diagnostic Pathology 
2014 9:85. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



